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Atmospheric model resolutions are decreasing...
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Atmospheric model resolutions are decreasing...
but benefits of this refinement have a

limit
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Conversion rates of condensate to P are very different from one
model to the next.
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Where P biases are highest, ice water path may play a larger
role in setting this conversion rate.
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Ice-phase processes play an important role in surface
precipitation.

=2 |
OO i 0.6: ..... T r—T—r—r— BN ——r——r —r——r—r— ;
© = y e
= 5 ]
S 4 05 CloudSat + GPM 3
™ E TRMM 3
: GPM
o - . o.4§—
T
n |9 03f-
Q7 - -
& S
P T SE
3 | O =f
X
| [ [ T I © OF
= oot
180° 120°W  60°W 0 60°E 120°E 180° ~90
Latitude
ﬁ I _ He_ymsfield et al. (2020) J. Atm.
0 0.2 0.4 0.6 0.8 1 >t

Phase fraction

Mulmenstadt et al. (2015) Geophys. Res.



Ice clouds contribute important uncertainties to equilibrium
climate sensitivity.
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Ice clouds contribute important uncertainties to equilibrium

climate sensitivity. A( anvil albedo ) with warming has

greater uncertainty than the A( anvil
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Issue 1: Ice clouds have strong sensitivities to variables for which
observations are limited or uncertain.

such as updraft
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Issue 1: Ice clouds have strong sensitivities to variables for which
observations are limited or uncertain.

such as ice-nucleating particle
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Issue 1b: But also ice clouds have strong sensitivities to the
structural formulation of microphysics.

We can see this with forms of microphysical
piggybacking.
Ice crystals radiatively (2

1 heat by absorption. |
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Issue 1b: But also, ice clouds have strong sensitivities to the
structural formulation of microphysics.
We can see this with forms of microphysical

piaqvbacking.
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Issue 1b: But also, ice clouds have strong sensitivities to the
structural formulation of microphysics.
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Issue 2: It is unclear how many (and which) degrees of freedom are

needed to reliably represent ice microphysical processes.

temperature-dependent-only INP parameterizations are likely

insufficient

1000
4
ol 10
—~~ 3
- 10
=, 100
o 10?
@
i 10
g 10 o
B 10
o =
O @, 10
‘0 | o 102
v <
> 10°
4
S ol L
: 10°
6
2 10
0-0| | i 1 1 I | I I I I 1 I ! -l/ I ] I I ' I |
-40 -30 -20 -10 0
DeMott et al. (2010) Proc. Nat. Acad. Temperature (°C)

Sci.

gray area: precipitation samples
, orange: dust
red: biomass burning
green: biological, rural
dark blue: marine, coastal
: arctic, antarctic
brown: suburban

black, gray, purple: alpine, free tropospheric

Ardon-Dryer et al. 2011
[ ] Ardon-Dryer et al. 2014
v Boose et al. 2016¢
) Boose et al. 2016k
©  Chou et al. 2011
e Conenetal. 2012
@ - Conenetal 2015
« Conen etal. 2016
®m  Creamean et al. 2013
DeMott et al. 2010
L] @ * * (o]
Q L J (o}
777 DeMott et al. 2016
» Huffman et al. 2013
4 Ladino et al. 2016b
= Mason et al. 2015a
Mason et al. 2015b
O 6 & e o
7" I McCluskey et al. 2014
[] Petters and Wright 2015
*  Prenni et al. 2012

® % Prennietal. 2013

+ Santachiara et al. 2010

1
-40

Kanji et al.
(2017)

I

-35

I

-30

25
T[°C]

-20



Issue 2: It is unclear how many (and which) degrees of freedom are
needed to reliably represent ice microphysical processes.

Should ice optical properties depend on temperature? Ice crystal
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Issue 2: It is unclear how many (and which) degrees of freedom i g

needed to reliably represent ice microphysical processes.
Should ice optical properties depend on temperature? Ice crystal "
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Issue 2b: It is unclear whether all processes need to be represented
under all conditions.
such as secondary ice
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Issue 3: Certain variables are treated inconsistently across model

compongi® as ice crystal effective radius between microphysics and

radiation;  1,1vonor . .
| such as snow between microphysics and
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Issue 3: Certain variables are treated inconsistently across model
COMpPONgMS-phase heterogeneity between the Bergeron process and
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Issue 1: Ice clouds have strong sensitivities to variables for which
observations are limited or uncertyp® _

Issue 1b: But also, ice clouds have strong sensitivities to the structural
formulation of microphysics.

Issue 2: It is unclear how many (and which) degrees of freedom are needed
to reliably represent ice microphysical processes.

Issue 2b: It is unclear whether aII processes need to be represented under all
conditions. |
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(b) GEOSS5

:
' ‘ :
" 4 A Rt et ¢
’ L i
\
- 'Y \
\A Py
: 3
N
o i
.
i

Preliminary result. Where
MCS track density is
highest is also where the
SRM precipitation bias is
highest.




Model resolutions are decreasing...

but benefits of this refinement have a
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P and CWP biases are very different from one model to the next.

\9 Very different conversion rates of condensate to P
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P and CWP biases are very different from one model to the next.

\9 Very different conversion rates of condensate to P
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Feedbacks are constrained with fixed inputs along trajectories.
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Issue 2b: It is unclear whether all processes need to be represented
under all conditions.
such as secondary ice
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Issue 2
Perhaps reduced-order modeling or machine learning / emulators provide solutions
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Example 2: An emulated perturbed parameter ensemble shows that autoconversion formulations dominate a lot
of ice-phase variability
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